Abstract: Sediments and stratigraphy at the Tower Buried Forest site provide a glimpse into the immediate post-glacial environment of northern Lower Michigan, USA. At this site, sandy glacial outwash is overlain by (1) ≈37 cm of peat associated with a wetland, above which are (2) flat-lying spruce and larch logs and branches that date between ≈10 910 and 10 340 cal years BP. Above the woody materials are ≈55-75 cm of sand, interbedded with organic muck laminae, which we interpret as local alluvium. This stratigraphic sequence is overlain by muck soil materials associated with the modern wetland. Pollen and plant macrofossil analysis of the lower peat indicate that a tundra-boreal parkland had been established here, shortly after final deglaciation. Later, Picea glauca (white spruce), Picea mariana (black spruce), Larix laricina (larch), and Abies balsamea (balsam fir) became abundant in an open boreal forest -Spaghnum peatland. Subsequent increases in Pinus (pine) and Typha (cattail) indicate drying and possibly warming conditions. At ca. 10 340 cal years BP (or a few centuries prior), nearly two millennia after final deglaciation, water flowed across the site, possibly knocking over the trees.. Interbedded sand and muck deposits above the flat-lying logs are interpreted as alluvial deposits from this event, after which the wetland became quiescent again.
Introduction
Sparse vegetation cover on the recently deglaciated, Late Pleistocene landscapes of the Midwest, USA (e.g., Webb et al. 1983; Curry and Yansa 2004; Hupy and Yansa 2009; Curry and Petras 2011; Rech et al. 2011) , coupled with incomplete preservation of organic materials, has led to a relative paucity of radiocarbon dates on wood, charcoal, or other terrestrial plant macrofossils that could be used to constrain the glacial and immediate postglacial geomorphic events of this period. This is especially true for locations north of ≈44°latitude (Clayton et al. 2001) . Notable exceptions include the Two Creeks forest bed in Wisconsin (Broecker and Farrand 1963; Kaiser 1994; Maher and Mickelson 1996; Rech et al. 2011) , and the Cheboygan bryophyte bed (Larson et al. 1994 ) and the Gribben Lake forest (Lowell et al. 1999) in Michigan (Fig. 1) . These three sites involve burial of biotic communities by glacigenic sediments associated with a readvancing glacier (Johnson et al. 1997) . Hence, they help constrain some of the last glacial events in the region. Minimal data exist, however, with which to characterize, evaluate, and constrain processes and events on the immediate post-glacial landscape. Although pollen and plant macrofossil research have constrained the temporal and spatial advance of vegetation onto the recently deglaciated landscapes of the Upper Midwest, documenting first tundra, then spruce-dominated parkland, and later, mixed forest (e.g., Maher and Mickelson 1996; Maher et al. 1998; Kapp 1999; Yu 2000; Shuman et al. 2002; Webb et al. 2004; Hupy and Yansa 2009; Gonzales and Grimm 2009; Curry and Petras 2011) , little is known about the paleoecology or geomorphology of this landscape in the period immediately after final deglaciation. Fluvial incision and sediment transfer, slope instability, melting of permafrost, icewalled lake plain formation and drainage, breaching of sediment dams and subsequent release of ponded water, and eolian activity of various kinds are but a few of the geomorphic processes that must have been occurring on the post-glacial landscapes of the Upper Midwest. It is not known, however, whether these processes essentially shut down following the establishment of forest vegetation, or if, in fact, landscape instability continued for some time thereafter, even if only locally.
In this paper, we report on a forest bed in northern Lower Michigan, USA, which we interpret to have been buried by sedi-ment that was deposited ca. 2000 cal years after final deglaciation. Radiocarbon ages on the wood, much of which consists of spruce and (or) larch trees buried in situ, as well as pollen and plant macrofossil data recovered at the site, are used to refine the paleoenvironmental setting in northern Lower Michigan during the end of the Younger Dryas and earliest Holocene.
Study area

Quaternary geology
Greatlakean ice -the last glacial advance to enter Lower Michigan -buried the Cheboygan bryophyte bed, 48 km northwest of our study site, at approximately 11 750 14 C years BP (13 790-13 400 cal years BP) (Larson et al. 1994; Larson and Kincare 2009 ; Fig. 1 ). The outermost extent of this advance is not known with certainty. Landscape linearity and fabric in this part of the state, however, suggest that the ice flowed southeasterly from the Lake Michigan basin, across the study area (Melhorn 1954; Spurr and Zumberge 1956; Burgis 1981; Schaetzl 2001) . Widespread stagnation and collapse is thought to have ensued, based on soils data (Schaetzl et al. 2000) , presence of ponded water, esker and kame topography, and kettled areas (Schaetzl 2001) . Large areas of red and pink, silty-clayey sediment in the region, especially east and south of the study site have been interpreted as having proglacial lake origins, and in some places associated with a stagnant Greatlakean ice margin (Schaetzl et al. 2000) . The immediate postGreatlakean landscape in northern Lower Michigan probably consisted of isolated ice blocks, ponded water and perhaps scattered permafrost (Spurr and Zumberge 1956; Schaetzl 2008) . Other than this cursory information, little else is known about the immediate post-glacial landscape of this part of Michigan.
During the retreat of the Greatlakean ice, a series of large proglacial lakes formed in the Great Lakes basin, some of which onlapped the Lower Peninsula (Larson and Schaetzl 2001) . Glacial Lake Algonquin, the largest of these lakes, maintained high levels between approximately 13 100 and 12 500 cal years BP (Harrison 1972; Karrow et al. 1975; Futyma 1981; Larsen 1987; Farrand 1995; Krist and Schaetzl 2001; Schaetzl et al. 2002; Karrow 2004; Kincare and Larson 2009; Drzyzga et al. 2012) . Although glacial Lake Algonquin did not cover the study site per se, Milligan Creek, which flows near the site, was tributary to it, entering the lake by way of a narrow embayment (Fig. 2) .
The Tower site -the focus of our research -(informal name) is a shrub wetland dominated by speckled alder (Alnus incana spp. rugosa) and various, early successional tree species tolerant of wet conditions. It lies within the Mackinac State Forest in northern Lower Michigan and is located at 45°22=10==N, and 84°21= 35==W, at an elevation of 228 m above sea level. Specifically, it is situated 5.4 km west-northwest of the village of Tower, in the N ½, NW ¼, NW ¼, Section 6, T 34 N, R 1 E, about 100 m south of Kisser Road, which runs east-west across the northern boundary of the site (Fig. 1) . A small stream, Milligan Creek, meanders northerly, across the flat, sandy wetland, ≈230-240 m to the west (Fig. 2) ; the stream formerly drained into glacial Lake Algonquin, whose highest shoreline is <2 km away, to the northeast.
Although the site is located within a wetland, standing water is uncommon because of the close vicinity of Milligan Creek, which has a small incised valley. Poorly and very poorly drained, sandy soils, commonly with horizontally stratified and interbedded muck deposits, and with 10-50 cm of highly decomposed organic soil materials at the surface, dominate the site. 
Methods
The Tower site was first brought to our attention as the area was being mapped by Natural Resources Conservation Service personnel in 1997; they had discovered buried wood at ≈1 m depth while augering in this area. A visit to the site in 1997 by R.J.S. confirmed the presence of the wood. At this time, several 1-2 cm size (diameter) wood fragments were recovered from a depth of ≈1 m, using a hand auger. The largest of these fragments was dated by Beta Analytic Inc. (Miami FL 33155) using standard accelerator mass spectrometry (AMS) procedures.
We revisited the site in October 2011 and were able to again find and sample the buried wood at similar depths, after excavating a large pit about 75 m east of the original site. The wood at this second site consisted mainly of horizontally lying tree trunks and branches. Most of these logs were piled one upon the other, at 85-70 cm depth, with most of the small branches having been snapped from the trunks. We recovered several large pieces of wood (trunks) and selected wood from the outermost rings for 14 C dating at the University of Illinois radiocarbon dating lab. Several additional wood samples were sent in for anatomical analysis and identification at the U.S. Forest Products Laboratory at the University of Wisconsin-Madison. One particularly notable piece was a tree trunk (≈8 cm in diameter) that had been bent over into an almost horizontal position, but had retained its roots in situ (Figs. 3A, 3B) . One of the larger logs is shown in Fig. 3C . Radiocarbon ages (Table 1) were calibrated (two ranges and median ages) using Calib version 6.1.0.
The sediments in the exposed pit face were described and sampled by genetic horizon. All mineral soil samples, i.e., excluding the organic (muck) samples, were air-dried, gently disaggregated with a mortar and pestle, and passed through a 2 mm sieve to remove coarse fragments. Particle size analysis on the remaining fineearth fraction was performed on a Malvern Mastersizer 2000 laser particle size analyzer, after being shaken for 2 h in a water-based solution with [NaPO 3 ] 13 ·Na 2 O as the dispersant.
Samples for pollen and plant macrofossil analysis were recovered from the excavated pit as follows. Samples of the organic material (bracketed by sand), above 73 cm depth, were collected from the profile (Fig. 4) , but the fossils from these lenses were later determined to have been redeposited, as indicated by abrasion, decay and survival of only the hardiest remains. However, the underlying peat was found to have been in situ and fossiliferous; it is the analysis of this peat that we report on. Specifically, we captured the complete wood/peat deposit from 110 to 73 cm depth, which bottomed in sand (116-110 cm), by taking a vertical core that was later split and subsampled in the laboratory. Figure 3D shows a grab sample of the Sphagnum peat from the Oi2 horizon (97-103 cm), where it is thickest and best preserved.
Methods used in fossil analysis followed established procedures (Faegri and Iverson 1975; Birks 2001) . Sampling intervals were every 5 cm for pollen (1 cm 3 volume) and plant macrofossils (50 cm 3 ). The pollen sum of trees, shrubs and upland herbs (excluding Cyperaceae, members of the sedge family) ranged from 339 to 444 grains/sample. Macrofossil data are reported as total counts, except for leaves and stems of the moss Sphagnum, which are reported on a relative scale of 0-10, as per standard practice. Most of the conifer needles were broken; those not whole were counted as halves, quarters and eighths (based on length) and their totals divided by 2, 4, and 8, respectively. Macrofossil counts were entered and pollen percentages were calculated in Tilia spreadsheets, and the resulting data plotted using a combination of Tiliagraph, TGView, and Adobe Illustrator. The CONISS cluster analysis program was used to distinguish the plant macrofossil and pollen zones in the diagrams (Grimm 1987) . Plant taxonomy and habitat information are based on Voss (1972).
Fig. 2.
Detailed map of the topography and hydrology of the area near the study site. Also shown is the extent of glacial Lake Algonquin, Main phase (after Drzyzga et al. 2012) , in light blue in online version. A B D C Table 1 . Radiocarbon ages on buried wood from the Tower site. All ISGS dates are based on the dating of logs overlying each other within one hand-dug pit, which was situated about 75 m east of the hand auger location. 
Results, interpretations, and discussion
Wood radiocarbon dates and analysis Most of the buried logs were found to be lying with a southsouthwest-north-northeast orientation, and many had small branches that had been broken off of main trunks. The wood samples collected at the Tower site are Picea (spruce) or Larix (larch/tamarack), based on the wood anatomical analysis, which cannot distinguish between these two genera of Pinaceae. Because both spruce and larch were identified from pollen and plant macrofossils (Table 2) , the wood could be of either or both of these taxa.
Of the six large wood pieces that we dated (Table 1) , one age (ISGS-6840, 2570 ± 70 14 C years BP; ISGS, Illinois State Geological Survey) is considerably younger. This wood fragment was isolated from the others, occurring at 36 cm depth, whereas the other dated-wood samples were from larger, intact, horizontally lying logs at 83-73 cm depth. We argue that this fragment (ISGS-6840) was likely contaminated from the many younger (some probably modern) rootlets that had penetrated it. Efforts were made to remove penetrating rootlets before submission to the 14 C-dating lab, but given that not all were removed, the resulting date may be a younger-than age. The four other wood samples are from a "log pile" in the same hand-dug pit, but at greater depth, and were exceedingly well preserved and yielded, what we interpret to be, accurate ages, all clustered within a relatively narrow age range. The top of the wood/peat deposit (80-73 cm depth), also captured in the core, is directly dated by these four different logs , which returned four ages with medians that range from 10 910 to 10 340 cal years BP (Table 1) .
Given this relative close proximity of age (in a geologic sense) and, more significantly, the logs touching and piled upon each other, we interpret this to indicate that these trees were toppled simultaneously. Supporting evidence includes the prone position of the logs, most of which occur in one layer, as well as the lack of wood and logs in the overlying sediment (except for wood at 36 cm depth that yielded an anomalously younger age). The event that toppled the trees occurred between 10 910 and 10 340 cal years BP, based on the outermost median calibrated ages of the four log samples at 80-73 cm depth (Table 1) . These dates provide maximum-limiting ages for the demise of the trees and their burial. We chose the youngest of these median ages, 10 340 cal years BP as the "most probable" age for this event, given that older wood can be found in wetland settings. After this event, relative quiescence ensued for the remainder of the Holocene, during which the uppermost muck layer formed in association with the hydric conditions at the site.
We interpret the oldest age (Beta-108470, 12 220-11 340 cal years BP, median ≈11 720 cal years BP; Table 1 ), for a piece of wood recovered in the vicinity at about 100 cm depth, with a hand auger several years previous, as evidence that woody vegetation had been established at this location by at least 11 720 cal years BP. The lowermost peat level, in the core analyzed for pollen and plant macrofossils, most likely correlates to this time. Data from Larson et al. (1994) indicate that Greatlakean ice advanced onto the Lower Peninsula between about 13 790-13 400 cal years BP. The oldest age from the Tower site (Beta-108470; Table 1) suggests that by ≈1680-2070 years later, woody vegetation had become established at this site -only about 48 km to the southeast of the Cheboygan bryophyte bed (Larson et al. 1994 ; Fig. 1) . The estimated 1380 cal years captured in the fossiliferous part of the core, below the wood (110-73 cm), ≈11 720 (Beta-108470) to 10 340 (ISGS-6842) cal years BP, equate to an estimate mean organic sedimentation rate of 37.3 years/cm. This sedimentation rate was calculated solely to estimate ages that bracket the pollen and plant macrofossil zones and should not be used for comparison to other site stratigraphies, because rates of peat formation were undoubtedly spatially and temporally variable. This interval was, nonetheless, a time of landscape stability with little clastic input to the site, during which a Spaghnum peat layer formed at the surface. This peat/log deposit was then buried by ≈50 cm of sand and muck (Table 2 : Cg, Oa=, and Cg= horizons). After this point, organic materials continued to accumulate at the surface, during a second stable period of little or no clastic sedimentation.
Paleoenvironmental reconstruction for the Tower site: pollen data
The pollen (Fig. 5A ) and plant macrofossil (Fig. 5B) records, based on analysis of the peat deposit, are bracketed in age from 11 720 to 10 340 cal years BP. Three zones are identified in both of these paleobotanical records and are assigned ages according to the calculated sedimentation rate discussed in the preceding section. The oldest part of this vegetation sequence correlates to the latter part of the Younger Dryas (12 900-11 500 cal years BP), when cool conditions are reported for the Midwest (e.g., Yu 2000; Shuman et al. 2002; Leavitt et al. 2006; Gonzales and Grimm 2009; Gonzales et al. 2009; Denton et al. 2010; Gill et al. 2012 ). However, most of the paleovegetation record here, dates to the earliest Holocene. The climate at this time differed from modern -the Laurentide Ice Sheet to the north altered the atmospheric circulation (Krist and Schaetzl 2001; Vader et al. 2012) , prevailing insolation caused greater seasonal extremes, and carbon dioxide concentrations in the atmosphere were somewhat lower (Ruddiman 2007) .
Although the sequence of vegetation changes at the Tower site reflects broader regional floristic patterns driven by climate change and plant succession, the local wetland setting was an important determinant of which plants lived at this site. In particular, cool-adapted taxa could persist longer in the cool/moist microclimate of this location, than they could have on an upland. Given that the site is situated within a small (ca. 4.2 km 2 ) wetland, it would have captured the pollen rain from a relatively small area (tens of km 2 ), following the logic outlined in Jacobson and Bradshaw (1981) . Also, the plant macrofossils in the peat would have been deposited from the plants that grew within the wetland, given the hydrogeologic setting and their excellent physical condition.
Zone I (≈11 720-11 460 cal years BP), identified from the bottom of the peat core, is interpreted as a wetland where the vegetation was transitioning from tundra to a "boreal" parkland during the end of the Younger Dryas (Figs. 5A , 5B). This interpretation is supported by the high pollen values of Betula (birch) and confirmed by several fruits of this taxon. Unfortunately, the wings had been removed from these fruits (which were otherwise well preserved), preventing species determination. However, the pollen was probably that of the tundra shrub version (Betula nana) rather than of the tree (B. papyrifera), because birch trees are abundant with Pinus (pine) later, during the early Holocene, in Midwest pollen records (e.g., Webb et al. 1983 ). This "tundra birch" interpretation is supported by the co-occurrence of (1) relatively abundant Artemisia (wormwood/sage) pollen, a tundra or grassland indicator, and (2) a few leaf fragments of Salix cf. S. herbacea (snowbed willow), the latter of which is a trademark tundra species found in northern Illinois, from 21 700 to 16 200 cal years BP (Curry and Yansa 2004; Curry et al. 2010; Curry and Petras 2011) .
Taken together, these fossils probably capture the end of the tundra-boreal parkland phase, which is dated earlier at the Two Creeks site in eastern Wisconsin (14 500-13 900 cal years BP), approximately 280 km to the southwest (Maher et al. 1998; Rech et al. 2011 ; Fig. 1 ). The age for this transitional vegetation (≈11 720-11 460 cal years BP) at the Tower site agrees with the timing of plant succession in northern Lower Michigan, in that the earlier tundra phase was captured at the Cheboygan bryophyte bed from 13 790 to 13 400 cal years BP, before the Greatlakean readvance (Larson et al. 1994 ; Fig. 1) . Similarly, Yu (2003) reported on sparse tundra vegetation on the Niagara Escarpment of southern Ontario, Canada, with an estimated age of ≈14 000 cal years BP. The absence of a pure tundra assemblage in the bottommost sediments at the Tower site has two possible explanations: (1) the tundra fossil-bearing deposit had been eroded, and (or) (2) this initial phase of plant succession did not occur because the rapidly ameliorating climate permitted tree establishment shortly after final deglaciation.
Trees were common at the Tower site from ≈11 720 to 11 460 cal years BP, as indicated by the abundant needles and some seeds (which permit species level determinations) of Larix laricina (larch/tamarack), Picea glauca (white spruce), P. mariana (black spruce), and Abies balsamea (balsam fir). Picea glauca, in particular, is the most common tree in the early postglacial succession within the formerly glaciated areas of eastern North America (Yansa 2006) . Looking at the modern boreal forest as an analog (Ritchie 1987) , black spruce and larch trees probably inhabited the wetland, with white spruce and balsam fir trees nearby, where the ground was slightly higher and better drained. Larix laricina is a notoriously poor pollen producer and disperser (Faegri and Iverson 1975) ; hence the very high needle count (e.g., 1059 for one sample; Fig. 5B ) of this taxon provides a more accurate assessment of how numerous trees of this species were in this wetland. The macrofossil abundance (5112) of Chara oogonia (the reproductive structure of the green algae), within the bottommost sample, and the one above (2890) point to highly calcareous, shallow water at the site, probably due to CaCO 3 from within the calcareous tills of the region.
The relatively high water levels at the site from ≈11 720 to 11 460 cal years BP (Zone I; Figs. 5A , 5B), may reflect a broader regional climate of cool and wet conditions during the Younger Dryas chronozone, as exemplified by paleobotanical data from northeastern Illinois (e.g., Curry et al. 2007; Gonzales and Grimm 2009; Gonzales et al. 2009) , and elsewhere in the Great Lakes region (e.g., Webb et al. 1983 Webb et al. , 2004 Kapp 1999; Panyushkina et al. 2008) . Gonzales et al.'s (2009) synthesis of Midwestern pollen records to the south of our study area identified a brief resurgence of Picea in the later part of the Younger Dryas, coeval with Zone I of the Tower site, which they attributed to cool and wet conditions. A spruce-larch-Sphagnum peatland existed not just in our study area, but also at Brewster Creek in northeastern Illinois during this time (Curry et al. 2007) , supporting the interpretation of fairly high levels of precipitation in the Midwest USA during the Younger Dryas, when compared to the present day. This interpretation is supported by tree-ring studies of a buried black spruce stand in northern Indiana dating to the mid-Younger Dryas, which contains stumps with adventitious roots designed to stabilize trees in water-logged conditions (Panyushkina et al. 2008) .
Zone II (≈11 460-10 660 cal years BP) is interpreted as an open boreal forest with large patches of shallow wetlands dominated by members of the Cyperaceae family, including at least five species of Carex (sedge) (Figs. 5A , 5B). The same conifers as before dominated the arboreal vegetation; Picea glauca, Larix laricina and Abies balsamea were most abundant at the site during the earliest part of the Holocene. Ulmus (elm) and Alnus incana spp. rugosa (speckled alder) became more common in the area (Fig. 5A) ; both are excellent indicators of waterlogged soils. Several buds of Populus tremuloides (trembling aspen; quaking aspen) confirm the presence of this tree at the site (Fig. 5B) , which today is a common deciduous tree in the boreal forest (Ritchie 1987) . Peat is well developed in this zone; it exists as an almost pure Sphagnum layer (Fig. 3D ). This type of boreal-temperate forest mix, lacking an exact modern analog, has been reported elsewhere in the Upper Midwest for this time, at the beginning of the Holocene (e.g., Delcourt and Delcourt 1991; Kapp 1999; Yu 2000; Williams et al. 2001; Curry et al. 2007; Hupy and Yansa 2009; Gill et al. 2012) . During Zone III (≈10 660-10 340 cal years BP), species dominance shifted toward Pinus (pine), with lesser amounts of the coldadapted Picea, Abies, and Larix species (Fig. 5A) . The decline in Ulmus pollen values, low Chara oogonia counts and corresponding slight pollen increases of Quercus (oak) and Ambrosia-type (ragweed), all suggest that the water table had fallen by this time at the Tower site. Sphagnum peat accumulation had also declined, as indicated by lesser amounts of the megaspores, leaves and stem fragments of this bryophyte (Fig. 5B) . There was still some standing water at the site, however, as indicated by fruits of the submerged aquatics Najas flexilis (naiad) and at least five species of Potamogeton (pondweed) that imply shallow water (<1.5 m). The pollen (Fig. 5A ) and seed abundance of Typha latifolia (common cattail) is a good indicator of shoreline habitats that expand when wetlands drain.
All of these fossil indicators suggest a trend toward drying and possibly warming conditions, with the shrinking of wetland coverage. This transition from Picea-to Pinus-dominated forest, associated with a drying climate causing a water-table lowering during the earliest Holocene, has been noted in other pollen records throughout the Upper Midwest (Yu 2000; Curry et al. 2007; Gonzales and Grimm 2009; Gill et al. 2012) . For example, this shift occurred at the Twiss Marl Pond site in southern Ontario (Yu 2000) , 380 km southeast of the Tower site, at approximately the same time as at the Tower site. The early Holocene climate reconstructed for the Midwest, based on pollen data, entailed warmer winters and summers than previous, with summer precipitation amounts similar to modern, with slightly drier winters (Gonzales et al. 2009 ). The warmer temperatures and reduced snowfall could account for the overall water table lowering of the Tower site wetland in the early Holocene, so that standing water probably occurred just seasonally after snowmelt and heavy rains.
Paleoenvironmental reconstruction for the Tower site: sedimentological data
The sand-muck interstratified sediment that buries and interfingers with the flat-lying wood and logs at the Tower site is crudely water-sorted (Fig. 4) . Muck interfingers with this sandy sediment in a manner that suggests that it did not form by in situ wetland pedogenic processes of surficial organic matter accumulation, decomposition and paludification (depths <74 cm; Table 2 ). Rather, we suggest that this material was deposited fluvially, which seems reasonable, given the nearby location of Milligan Creek, and the study area's regional setting within a throughflowing wetland. Near the top of the sediment column, another layer of muck is currently forming in association with the modern, i.e., post-burial, wetland (Table 2 : Oa horizon). This upper, surficial muck horizon is associated with landscape stability, postburial pedogenesis, and continued paludification (e.g., Kroetsch et al. 2011) , all of which post-date the toppled logs and wood.
The mixed but often quite sharp stratigraphic contacts suggest that the depositional event that followed (or coincided with) the downed wood was associated with fairly rapid and turbulent flow. Small pieces of intact, perhaps then-frozen, muck are embedded within crudely laminated sand (Table 2 ; Fig. 4) . Microscopic analysis of the plant remains from some of these upper muck strata clearly indicate abrasion, with survival of only the hardiest plant fragments observed. Taken collectively, these data strongly suggest that the stratified muck deposits are a type of transported sediment, not one that had formed in situ or one that had formed slowly, by small, periodic additions of clastic material.
The exact mechanism by which the trees at the Tower site became toppled and later buried is, however, unclear. High water tables and organic soils in wetlands like this would have forced the trees to have been shallowly rooted, rendering them vulnerable to tilting and uprooting (Schaetzl et al. 1989; Nicoll and Ray 1996; Hautala and Vanha-Majamaa 2006) . Alluvial sediment could have been deposited on top of a sequence of tree trunks that had already been lying on the soil surface, perhaps due to a local windthrow event, or the force of flowing water may have been sufficient to topple them.
Based on the integration of sedimentological and paleobotanical data (Table 2, Figs. 4, 5) , we can report only that a suite of downed trees that had been growing in a forested conifer wetland, situated within a drier pine-dominated upland forest, were later buried by alluvium, probably deposited by fast-flowing water. The water deposited ripped up, sandy sediment, including considerable amounts of peat and muck, probably from the wetland itself. The sediment-laden water may have even knocked down many of the shallowly rooted spruce/larch trees and bent over the smaller saplings, and along with any buried trees already lying on the surface. In the end, it buried them in several tens of cm of sediment (Figs. 3A, 3B ). Wood in the pit showed clear evidence of tree fragments and logs all having been laid prone (Fig. 4) in a southsouthwest-north-northeast direction, suggestive of paleoflow directions. The sandy/mucky sediment and some additional, small pieces of wood were all deposited in crudely stratified form, above this bed of wood, tree trunks and broken branches. The sedimentology, coupled with the fact that trees -some as large as 8-10 cm in diameter -had their branches broken off, both suggest rapid and aggressive flow during and (or) immediately after the burial of the trees. Stratigraphic evidence from the site further shows that, after this event, the area quickly transitioned to a stable wetland in which muck accumulated at the surface.
Conclusions
This study reports in detail on the paleoenvironment of the early, post-glacial landscape in northern Lower Michigan. After final deglaciation, the vegetation here went from a tundra -open boreal parkland (ϳ11 720-11 460 cal years BP) at the end of the Younger Dryas, to an open boreal forest -Spaghnum peatland (ϳ11 460-10 660 cal years BP), and finally to a drier, more pinedominated forest (ϳ10 660-10 340 cal years BP) during the earliest Holocene. Specifically, pine and to a lesser extent balsam fir were situated in the surrounding uplands, whereas black spruce and larch persisted in the wetland. Trees in wetlands like this one are prone to toppling, and we report on just such an event that occurred here, about 1000-2000 years after initial deglaciation. Spruce and (or) larch trees at the site were knocked down and immediately buried by flowing water, or were variously lying on the surface (some possibly by windthrow) and later buried by alluvium.
Data and details about the deglacial Midwestern landscape are few, largely because of the scarcity of 14 C-datable materials from this time. We believe it was a land of melting permafrost, rapid fluvial erosion, ponded water, and strong winds (e.g., Clayton et al. 2001 Clayton et al. , 2008 Krist and Schaetzl 2001; Curry and Petras 2011) . However, pollen and plant macrofossil analysis reveals that plants did become established in this cold landscape. The Tower Buried Forest site provides a glimpse into this same, periodically unstable, landscape roughly 2000 years after final deglaciation.
